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(57) Abstract: A plasma processing device provided with a processing container and a first electrode disposed within the processing 
container, the first electrode having a plurality of gas dispersion holes for supplying a process gas into the processing container and 
an opening for light measurement. A second electrode is disposed on one side of the gas dispersion holes and the opening of the 
first electrode so as to be spaced apart a specified distance and face them. A power supply device applies power to between the first 
and second electrodes to generate plasma therebetween. An optical path of a window member is in a continuous contact with the 
other side of the opening for light measurement. The gas dispersion holes are formed in a preset array, and the opening is formed 
separately from the gas dispersion holes clear of the array of them.The plasma processing device can supply a process gas uniformly 
into the processing container independently of the availability of the opening as a monitoring window and the optical path to enable 
a uniform plasma processing. 
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PLASMA PROCESSING UNIT, WINDOW MEMBER FOR PLASMA PROCESSING 
UNIT AND ELECTRODE PLATE FOR PLASMA PROCESSING UNIT 

Field o£ the Invention 

This invention relates to a plasma processing unit, a 
window member for a plasma processing unit and an electrode 
plate for a plasma processing unit. 

Background of the invention 

In Japanese Patent Laid-Open Publications No -4-94533 
and No. 10-64884, a technique has been proposed wherein a 
window which a beam of light can penetrate is provided at 
a central portion of an electrode facing another electrode 
on which a wafer is placed, and wherein reflection of a beam 
of light given from an outside of an etching unit to the wafer 
is detected by means of a detector disposed at the outside 
of the etching unit in order to monitor an etching state. 
In addition, in Japanese Patent Laid-Open Publication 
No. 2-201924, a technique has been proposed wherein two 
optical fibers extend through an ozone-dispersion plate from 
an outside of a heating-type ashing unit, and wherein a beam 
of light is given to a wafer facing the ozone-dispersion plate 
through one of the optical fibers and reflection of the beam 
from the wafer is received through the other of the optical 
fibers by means of a detector disposed at the outside of the 
unit in order to monitor an ashing state. 

In cases of the monitoring techniques disclosed in the 
Japanese Patent Laid-Open Publications No. 4-94533 and 
No. 10-64884, an electric field between electrodes may be 
affected by a shape of the window for monitoring and a shape 
of each of the electrodes, and hence it may be difficult to 
uniformly conduct a plasma process. However, the shapes 
thereof are not taken into consideration at all. In addition, 
if an optical fiber reaches a surface of an electrode as shown 
in the latter publication, an electric field between 
electrodes may be affected by the optical fiber, and 
furthermore reaction products may stick to the optical fiber 
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CLAIMS : 

1. (Amended) A plasma processing unit comprising; 
a processing container, 

a first electrode disposed in the processing container, 
the first electrode having: a plurality of gas-dispersion 
holes formed in a predetermined arrangement for supplying 
a process gas into the processing container, and an opening 
for a measurement light formed between and separately from 
the gas-dispersion holes without disturbing the arrangement 
of the gas-dispersion holes, 

a second electrode arranged on one side of and a 
predetermined gap away from the gas-dispersion holes and the 
opening of the first electrode, 

a power source unit that applies electric power between 
the first electrode and the second electrode and that 
generates plasma between the first electrode and the second 
electrode, and 

a window member having an optical path that adjacently 
communicates with the other side of the opening for the 
measurement light, 
wherein 

the opening and the optical path have such a long and 
narrow shape that it is hard for the plasma to come into the 
opening and the optical path. 

2 . A plasma processing unit according to claim 1 , wherein: 

the first electrode has a space, the space being 
connected to a process-gas supplying tube that supplies the 
process gas and communicating with the gas-dispersion holes. 

3 . A plasma processing unit according to claim 2 , wherein: 

the space is shut off from the opening. 

4 . A plasma processing unit according to claim 3 , wherein: 

the space is also shut off from the optical path. 

5. (Cancelled) 

6. A plasma processing unit according to claim 5, wherein: 
the opening and the optical path have an aspect ratio 

not less than 7. 
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7 . A plasma processing unit according to claim 6 , wherein : 
the opening and the optical path have an aspect ratio 
of about 9.8. 

8. A plasma processing unit according to claim 7, further 
comprising: 

a laser-measurement unit that emits a laser beam into 
the processing container through the optical path of the 
window member and that receives and measures reflection of 
the beam from the processing container through the optical 
path. 

9 . A plasma processing unit according to claim 8 , wherein: 

the window member has a transparent plate arranged with 
an inclination with respect to a plane perpendicular to the 
optical path, on the opposite side to the opening side of 
the optical path. 

10 . A plasma processing unit according to claim 9 , wherein: 

the gas-dispersion holes are formed in a substantially 
uniform arrangement in a whole surface of the first electrode. 

11. A plasma processing unit according to claim 10, 
wherein : 

the opening is formed in a central portion of the first 
electrode, and 

one or more additional openings are also formed in the 
central portion of the first electrode. 

12. (Amended) A window member for a plasma processing unit, 
the plasma processing unit including; 

a processing container, 

a first electrode disposed in the processing container, 
the first electrode having: a plurality of gas -dispersion 
holes formed in a predetermined arrangement for supplying 
a process gas into the processing container, and an opening 
for a measurement light formed between and separately from 
the gas -dispersion holes without disturbing the arrangement 
of the gas -dispersion holes, 

a second electrode arranged on one side of and a 
predetermined gap away from the gas -dispersion holes and the 
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opening of the first electrode^ and 

a power source unit that applies electric power between 
the first electrode and the second electrode and that 
generates 

plasma between the first electrode and the second electrode, 
wherein 

the first electrode has a space, the space being 
connected to a process-gas supplying tube that supplies the 
process gas and communicating with the gas-dispersion holes, 
and 

the space is shut off from the opening; 
the window member comprising: 

an optical path that adjacently communicates with the 
other side of the opening for the measurement light, 
wherein 

the optical path is adapted to be shut off from the space, 

and 

the opening and the optical path are adapted to form 
such a long and narrow shape that it is hard for the plasma 
to come into the opening and the optical path. 

13. (Canceled) 

14 . A window member for a plasma processing unit according 
to claim 13, further comprising: 

a transparent plate arranged with an inclination with 
respect to a plane perpendicular to the optical path, on the 
opposite side to the opening side of the optical path. 

15. (Amended) An electrode plate for a plasma processing unit 

comprising; - 

a plurality of gas-dispersion holes for supplying a 

process gas, and 

an opening for a measurement light, 

wherein 

the gas-dispersion holes is formed in a predetermined 

arrangement, and 

the opening is formed between and separately from the 
gas-dispersion holes without disturbing the arrangement of 
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the gas-dispersion holes. 
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TRANSLATION OF SECOND AMENDMENT (MAR. 30. 2001) 
UNDER ARTICLE 34 OF PCT 



- We amended title of the invention on page 1 . 

- We also amended claims 1 to 4 and 9 to 12. 

- We also canceled claims 6 to 8, 14 and 15. 

- We also added claims 16 to 19. 

- Amended page 1 and Amended claims are 
attached . 
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CLAIMS : 

1. A plasma processing unit comprising; 
a processing container, 

a first electrode disposed in the processing container, 
the first electrode having a plurality of gas-dispersion 
holes for supplying a process gas into the processing 
container and an opening for a measurement light, 

a second electrode arranged on one side of and a 
predetermined gap away from the gas-dispersion holes and the 
opening of the first electrode, 

a power source unit that applies electric power between 
the first electrode and the second electrode and that 
generates plasma between the first electrode and the second 
electrode, and 

a window member having an optical path that adjacently 
communicates with the other side of the opening for the 
measurement light , 
wherein 

the gas -dispersion holes are formed in a predetermined 
arrangement , and 

the opening is formed separately from the gas- 
dispersion holes without disturbing the arrangement of the 
gas-dispersion holes. 

2 . A plasma processing unit according to claim 1 , wherein: 
the first electrode has a space, the space being 
connected to a process-gas supplying tube that supplies the 
process gas and communicating with the gas-dispersion holes, 
3. A plasma processing unit according to claim 2, wherein: 

the space is shut off from the opening. 
4 . A plasma processing unit according to claim 3 , wherein: 
the space is also shut off from the optical path. 

5 . A plasma processing unit according to claim 4 , wherein: 
the opening and the optical path have such a long and 

narrow shape that it is hard for the plasma to come into the 
opening and the optical path. 

6. A plasma processing unit according to claim 5, wherein: 
the opening and the optical path have an aspect ratio 
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not less than 7. 

7 . A plasma processing unit according to claim 6, wherein: 
the opening and the optical path have an aspect ratio 
of about 9.8. 

8. A plasma processing unit according to claim 7, further 
comprising: 

a laser-measurement unit that emits a laser beam into 
the processing container through the optical path of the 
window member and that receives and measures reflection of 
the beam from the processing container through the optical 
path. 

9 . A plasma processing unit according to claim 8, wherein: 
the window member has a transparent plate arranged with 
an inclination with respect to a plane perpendicular to the 
optical path, on the opposite side to the opening side of 
the optical path. 

10. A plasma processing unit according to claim 9, wherein: 
the gas-dispersion holes are formed in a substantially 

uniform arrangement in a whole surface of the first electrode. 

11. A plasma processing unit according to claim 10, 
wherein: 

the opening is formed in a central portion of the first 
electrode, and 

one or more additional openings are also formed in the 
central portion of the first electrode. 

12. A window member for a plasma processing unit, the plasma 
processing unit including; 

a processing container, 

a first electrode disposed in the processing container, 
the first electrode having a plurality of gas-dispersion 
holes for supplying a process gas into the processing 
container and an opening for a measurement light, 

a second electrode arranged on one side of and a 
predetermined gap away from the gas-dispersion holes and the 
opening of the first electrode, and 

a power source unit that applies electric power between 
the first electrode and the second electrode and that 



generates plasma between the first electrode and the second 

electrode, 

wherein 

the gas-dispersion holes are formed in a predetermined 
arrangement, 

the opening is formed separately from the gas- 
dispersion holes without disturbing the arrangement of the 
gas-dispersion holes , 

the first electrode has a space, the space being 
connected to a process-gas supplying tube that supplies the 
process gas and communicating with the gas-dispersion holes, 
and 

the space is shut off from the opening; 
the window member comprising: 

an optical path that adjacently communicates with the 
other side of the opening for the measurement light, 
wherein 

the optical path is adapted to be shut off from the 

space. 

13. A window member for a plasma processing unit according 
to claim 12, wherein: 

the opening and the optical path are adapted to form 
such a long and narrow shape that it is hard for the plasma 
to come into the opening and the optical path. 

14. A window member for a plasma processing unit according 
to claim 13, further comprising : 

a transparent plate arranged with an inclination with 
respect to a plane perpendicular to the optical path, on the 
opposite side to the opening side of the optical path. 

15. An electrode plate for a plasma processing unit 
comprising; 

a plurality of gas-dispersion holes for supplying a 
process gas, and 

an opening for a measurement light, 
wherein 

the gas-dispersion holes is formed in a predetermined 
arrangement, and 



the opening is formed separately from the gas- 
dispersion holes without disturbing the arrangement of the 
gas-dispersion holes. 
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- We amended claims 1, 12 and 15. 

- We also canceled claims 5 and 13 . 

- Amended claims are attached. 
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CLAIMS : 

1. (Twice Amended) A plasma processing unit comprising; 

a processing container, 

a first electrode disposed in the processing container, 
the first electrode having: a plurality of gas-dispersion 
holes for supplying a process gas into the processing 
container, an opening for a measurement light, and a space 
being connected to a process-gas supplying tube that supplies 
the process gas and communicating with the gas-dispersion 
holes, 

a second electrode arranged on one side of and a 
predetermined gap away from the gas -dispersion holes and the 
opening of the' first electrode, 

a power source unit that applies electric power between 
the first electrode and the second electrode and that 
generates plasma between the first electrode and the second 
electrode, 

a window member having: an optical path that adjacently 
communicates with the other side of the opening for the 
measurement light, and a circular protrusion extending so 
as to surround the optical path and to come into contact with 
the first electrode, and 

a sealing member that causes the space to be shut off 
from the optical path. 

2. (Amended) A plasma processing unit according to claim 1, 
wherein: 

the opening and the optical path have an aspect ratio 
not less than 7. 

3. (Amended) A plasma processing unit according to claim 1, 
further comprising: 

a laser-measurement unit that emits a laser beam into 
the processing container through the optical path of the 
window member and that receives and measures reflection of 
the beam from the processing container through the optical 
path. 

4. (Amended) A plasma processing unit according to claim 1, 
wherein: 
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the opening is formed in a central portion of the first 
electrode, and 

one or more additional openings are also formed in the 
central portion of the first electrode. 

5. (Canceled) 

6. (Canceled) 

7. (Canceled) 

8. (Canceled) 

9. (Amended) A plasma processing unit comprising; 

a processing container, 

a first electrode disposed in the processing container, 
the first electrode having: a plurality of gas-dispersion 
holes for supplying a process gas into the processing 
container, an opening for a measurement light, and a space 
being connected to a process-gas supplying tube that supplies 
the process gas and communicating with the gas-dispersion 
holes, 

a second electrode arranged on one side of and a 
predetermined gap away from the gas -dispersion holes and the 
opening of the first electrode, 

a power source unit that applies electric power between 
the first electrode and the second electrode and that 
generates 

plasma between the first electrode and the second electrode, 
and 

a window member having: an optical path that adjacently 
communicates with the other side of the opening for the 
measurement light, and a transparent plate arranged with an 
inclination with respect to a plane perpendicular to the 
optical path, on the opposite side to the opening side of 
the optical path. 

10. (Amended) A plasma processing unit according to claim 
9, wherein: 

the opening and the optical path have an aspect ratio 
not less than 7. 

11. (Amended) A plasma processing unit according to claim 
9, further comprising: 
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a laser-measurement unit that emits a laser beam into 
the processing container through the optical path of the 
window member and that receives and measures reflection of 
the beam from the processing container through the optical 
path. 

12. (Twice Amended) A plasma processing unit according to 
claim 9, wherein: 

the opening is formed in a central portion of the first 

electrode, and 

one or more additional openings are also formed in the 
central portion of the first electrode. 

13. (Canceled) 

14. (Canceled) 

15. (Canceled) 

16. (Added) A plasma processing unit according to claim 9, 
further comprising: 

a sealing member that causes the space to be shut off 

from the optical path. 

17. (Added) A plasma processing unit according to claim 16, 
wherein: 

the opening and the optical path have an aspect ratio 
not less than 7. 

18. (Added) A plasma processing unit according to claim 16, 
further comprising: 

a laser-measurement unit that emits a laser beam into 
the processing container through the optical path of the 
window member and that receives and measures reflection of 
the beam from the processing container through the optical 
path. 

19. (Added) A plasma processing unit according to claim 16, 
wherein: 

the opening is formed in a central portion of the first 

electrode, and 

one or more additional openings are also formed in the 
central portion of the first electrode. 
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1 . Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

KR,US 



In accordance with Rule 47.1(c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Offrce(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

None 



The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
14 December 2000 (14.1 2.00) under No. WO 00/75973 

REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 1 9-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1 )) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/18/301 (Notification of Receipt of Record Copy) and Volume 11 of the PCT Applicant's Guide, 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/JPOO/03543 



I. Basis of the report 



With regard to the elements of the international application: 
I I the international application as originally filed 

the description: 

pages 

pages 

pages 



2-9 



, as originally filed 



filed with the demand 



I 



filed with the letter of 



30 March 2001 (30.03.2001) 



the claims: 

pages 

pages 

pages 

pages 



, as originally filed 

as amended (together with any statement under Article 1 9 

, filed with the demand 



2-4,9-12,16-19 (30.03.01) 



, filed with the letter of 



15 June 2001 (15.06.2001) 



the drawings: 

pages 

pages 

pages 



1-4 



, as originally filed 



, filed with the demand 



filed with the letter of 



I I the sequence listing part of the description: 

pages 

pages 

pages 



, as originally filed 

_ , filed with the demand 



filed with the letter of 



With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or fijmished to this Authoritv in the following language which is: 

□ 

the language of a translation furnished for the purposes of international search (under Rule 23, 1(b)). 

□ 

the language of publication of the international application (under Rule 48.3(b)). 

1^ the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 



□ 
□ 
□ 
□ 
□ 

□ 



The amendments have resulted in the cancellation of: 

□ 

the description, pages 

the claims, Nos. 5-8J3-15 

□ 

the drawings, sheets/fig 



^ I I This report has been established as if (some oO the amendments had not been made, since they have been considered to go 
' — beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally fded" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 



citations and explanations supporting such statement 

1 . Statement 

Novelty (N) Claims 1-4,9-12,16-19 YES 

Claims NO 

Inventive step (IS) Claims 9-12,16-19 YES 

Claims 1_4 NO 

Industrial applicability (lA) Claims 1-4,9-12,16-19 YES 

Claims NO 



2, Citations and explanations 

1) Document 1: JP, 2-23617, A (MITSUBISHI ELECTRIC CORPORATION), 25 January 1990 
(25.01.90) 

2) Document 2: JP, 59-186325, A (ALCATEL CIT, CANON INC, ET AL.), 23 October 1984 
(23.10.84) 

3) Document 3: EP, 0426493, A2 (FUJITSU LIMITED), 8 May 1991 (08.05.91) 

4) Document 4: JP, 5-1601 1 1, A (HITACHI LTD.), 25 June 1993 (25.06.93) 

5) Document 5: JP, 4-94533, A FUJITSU LIMITED), 26 March 1992 (26.03.92) 

6) Document 6: JP, 3-82019, A (MITSUBISHI ELECTRIC CORPORATION), 8 April 1991 
(08.04.91) 

7) Document 7: JP, 3-104212, A (MITSUBISHI ELECTRIC CORPORATION), 1 May 1991 
(01.05.91) 

8) Document 8: JP, 7-1 1 1246, A (NEC CORPORATION), 25 April 1995 (25.04.95) 

9) Document 9: JP, 63-124418, A (CANON INC.), 27 May 1988 (27.05.88) 

Claims 1-4 

The subject matter of claims 1-4 does not appear to involve an inventive step on account of 
documents 1-9, 

The invention described in document 1 does not restrict the structure of the processing container side 
of the electrode itself and the structure of the window member from the projection part to the light 
source side, and the electrode's processing container side has space inside the processing container. 
Also, the structure of the aforesaid projection's processing container side is not described, so this also 
includes the case in which there is no distance between it and the space inside the processing container. 

Therefore document 1 has a projection part penetrating the electrode and separating the space inside 
the electrode and the optical path. 

Also, concerning the seal member, the specific structure and disposition relationship of the projection 
part and the electrode plate (2B, 2A) and seal member is not restricted, and includes general separation 
member joining (soldering a pair of metal members, etc.). When employing the structure described in 
document 1, the question of how much sealing is relevant could easily be conceived by a person skilled 
in the art. - - 

Furthermore, there appears to be no distinctive points in the constitutions of claims 2—4, which cite 
claim 1. 

Claims 9-12, 16-19 

The subject matter of claims 9-12 and 16-19 appears to involve novelty and an inventive step with 
regard to any of documents 1-9. 

Claims 9-12 and 16-19 pertain to a device (claim 8) that irradiates laser light via a window member 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 

Continuation of Box V (Citations and explanations): 

and light path and illuminates via the aforesaid light path. None of the aforesaid documents 1-9 
discloses or suggests the point that "the window member has a transparent plate disposed at the side 
opposite the aforesaid light path's aperture side and inclined relative to a plane perpendicular to the 
aforesaid light path," thus not measuring reflected light from the window member resulting from incident 
light inside the processing container when detecting light reflected from the wafer. 

Document 4 describes inclining the window member in order to prevent reflection of incident light. 
The light source and detection system are not on the same side relative to the window member, and 
incident light is maximally utilized or only specific polarized light is detected. This does not prevent 
reflected light from the window from reaching a detector disposed on the same side relative to the 
window member, so applying the pertinent technique to the inventions described in the aforesaid 
documents 1-3 and 5-9 appears to be difficult. 
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